Introduction
Writing is vital to the process of disseminating scientific knowledge. In the health sciences, publishing medical articles is the most effective way to transfer knowledge [1] .
Publications fuel innovation because they are the main output of scientific research [2, 3] . In much of the world, considerable effort has been made to address major health challenges and enhance research to improve citizens' health and wellbeing [4] . While measuring research output is a complex endeavor, bibliometric studies are considered the major approach for the measurement of scientific productivity [5] . In the ''publish or perish'' atmosphere prevailing in today's universities throughout the world, medical teachers are urged to publish their findings. Every medical teacher should seek visibility and credibility by publishing in good journals indexed in large electronic databases. In the western world, promotion for researchers and academic recognition depend on a strong record of published research, which reflects well on medical teachers and their institutions [6] .
In Maghreb countries, particularly in Algeria, written research output is not given the importance it deserves [7] . Generally speaking, Arab countries produce, despite their wealth and human resources, less than 1% of biomedical citations in the world, based on Medline-indexed publications [8] . Theses relegated to libraries, and oral or poster presentations at scientific meetings that are not published, no longer guarantee visibility at the international scale. Little has been written about Algerian medical research output and the few studies available did not quantify medical teachers' productivity [9, 10] . In order to help improving the situation, this study also aimed at identifying factors associated with Algerian medical teachers' research output during the 2000-2009 decade.
Methods
Two bibliographic databases were used: the free American Medline database (http://www.ncbi.nlm.nih.gov/Pubmed) and the French Pascal database; both were queried for the 2000-2009 decade. We searched Medline in January 2011 for the country (Algeria, ''Algérie'') and the ten major Algerian cities that have a medical school. Pascal was accessed through an account obtained via the Institute for Scientific and Technical Information (Nancy, France). We searched Pascal in August 2011 using the following search terms to identify Algerian publications: [pa = dza et (mc = (biomed ou medecin ou medic ou bioethique ou ethique ou therap ou vaccin ou psych) ou cc = 002b) et (dp = A publication was eligible only if the first author was an Algerian medical teacher (in medicine, pharmacy, or dentistry) working in Algeria. For each eligible publication, the faculty, the department (medicine, pharmacy, dentistry), and the specialty of the first author were collected and recorded on a standardized questionnaire. The questionnaire included the following items: journal name, its place of publication, its impact factor according to Thomson-Reuters (Institute of Scientific Information, New York, NY, USA), article type (original article, case report, letter to the editor, etc.), study design (descriptive study, case-control study, randomized trial, etc.), scientific collaboration, and language.
We focused on original articles (original article, brief article, and review), identified as such by editors, to quantify Algerian medical teachers' output and to identify factors associated with productivity. To meet this objective, a nested case-control study within the cohort of medical teachers in 2000-2009 was conducted. Cases were medical teachers who were lead authors of an original article indexed either in Medline or Pascal.
Controls were teachers who had never been first authors of an indexed article, before or after the study period, until the completion of the final report. Within each faculty, four controls were randomly selected among medical teachers for each case. The case-control study was carried out within university medical centers from November 2011 to May 2012. The same self-administered questionnaire was completed by both cases and controls. For the cases, data relating to questions corresponded to the moment when the article was published. When the case had several original articles to his credit, data corresponded to the moment when the first article was published. The same applied to rank (assistant professor, docent, full professor), leadership position (department head, head of unit, none), a defended doctoral thesis (PhD dissertation), involvement in a research project, foreign collaboration in a defended dissertation or a research project, training in biostatistics and/or epidemiology, regardless of the content and duration of the training, sufficient knowledge of the English language to write a full scientific article, the number of medical teachers, the number of assistants (nonacademic specialists), the number of residents in the department, employment in the private sector, work placement abroad (! 1 month), supervision of dissertations for interns and/or residents, access to entire articles through private publishers and appraisal of teachers' workload in both the department and the medical school. Both cases and controls were asked whether they thought that the promotion evaluation grid encouraged teachers to publish. Appraising the quality of a journal based on its impact factor was also among the questionnaire items.
Statistical analysis was performed using the software EpiInfo, version 3 (CDC, Atlanta, GA, USA). Logistic regression was used to identify factors associated with publishing. A factor was included in the model if it was associated with publishing articles at P 0.20 in a bivariate analysis. A backward procedure was applied to remove factors not associated with publishing (P 0.05). The trend test (Mantel's x 2 ) was used to select the optimal threshold to dichotomize variables with multiple levels of exposure (classes of a quantitative variable). The x 2 of the Mantel-Haenszel test was used as an adjustment test to choose between two redundant variables related to the dependent variable. The Breslow test was used to highlight an interaction introduced by a third variable in the study of the relationship between two variables. The Mann-Whitney test (Kruskal-Wallis test for two groups) was used to compare two means when the reference to natural law was not possible and/ or when Bartlett's test showed that the variances of the groups differed significantly. Spearman's correlation coefficient r' was used to assess the temporal evolution of the annual number of original articles. The annual incidence rate of publishing was calculated as the number of published papers divided by the estimated number multiplied by 10 of teachers in the middle of the study period.
Results

Articles retrieved
We retrieved 298 different publications using Medline, of which 170 papers (57.0%) did not meet the first author inclusion criterion. The first author of the 170 manuscripts was a biologist (58.8%), a non-academic physician (7.6%), a chemist or physicist (12.9%), a computer scientist or other technologist (10.0%), a veterinarian (2.9%) and a foreign expert or other category (7.6%). Pascal retrieved 59 publications that met the inclusion criteria and were not indexed in Medline. They accounted for 31.6% of the 187 publications that were considered eligible for the 2000-2009 time period. Pascal thus yielded 20 original articles that were not indexed in Medline (25.3% of the total 79 original articles). Pascal also retrieved a higher proportion of proceedings ( Table 1) .
The annual progression of the 79 original articles showed a significant upward trend (r' = 0.76, p < 0.05) during the study period, but from one year to another, the number of articles only increased by an average of one article and a half (slope of the regression line = 1.45). The Algiers Medical School accounted for nearly half of these original articles (46.8%). Teachers of epidemiology and occupational medicine detained the largest number of original articles (seven), i.e., 8.9% of articles for each specialty. Specialties such as cardiology and rheumatology were represented by a single article each. Teachers of dental surgery had three articles during the study period, and teachers of pharmacy and surgery (all specialties) contributed four articles (5.1%) for each category. Descriptive studies were the most frequent type of study design (90%). Only three randomized trials, two case-control studies, and one diagnostic study were identified. ). It should be pointed out that 96.2% of the articles were published in journals that were either French or Anglo-Saxon.
Publication rates
The number of Algerian teachers in medical sciences, based on the lists used to select controls, exceeded 3300 when the case-control study was completed. Batna, one of the ten cities that have a medical school, was left out because none of its teachers had been first author of an original article. A reasonable estimate of the number of medical teachers was 3000 in the middle of the decade (1 January 2005) in the ten medical schools. The Algiers Medical School alone accounted for more than half of these teachers.
The overall publication rate of original articles was estimated at 2.6 articles per 1000 faculty members per year (2.6 articles/ 1000/year), i.e., one original article per teacher as first author every 380 years, assuming that this rate would remain constant. Taking into account the study design, the specific rate would be 0.1 randomized trials/per 1000 faculty members per year. If we considered articles published in journals with an impact factor ! 0.1 (i.e., 64 articles), the rate would be 2.1 articles/ 1000/year. Taking into account all the publications yielded by the two bases, the overall Algerian publication rate would be 6.3 articles per 1000 teachers per year.
Response rates
In the decade under study, the 79 original articles were written by 56 authors who were potential cases to study the factors associated with production, but only 49 authors were interviewed. The response rate for cases was 87.5%. One case refused to be interviewed; another case was on long leave of absence while the other cases had left the country. A total of 224 controls were sampled, of whom 193 (86.2%) were eventually interviewed. The 15 controls that refused to take part in the survey and the 20 others that were unreachable (leave of absence, etc.) were replaced by other teachers based on a preestablished list. A subsequent Medline search revealed that three controls published an original article after the study period and therefore did not meet the inclusion criteria for controls.
Bivariate analysis
No differences were found between cases and controls for any of the following factors (P > 0.20): medical school; gender; hospital workload; employment in the private sector; access to full articles of private publishers via the Internet; the number of teachers, assistants, and residents.
Both cases and controls felt that teachers should publish in indexed journals and that research should also be published in an indexed journal (Table 2) . Over a quarter of the teachers (26.8%) were not aware of the significance of the impact factor (five cases and 62 controls). Teachers who thought that the impact factor determined the quality of a journal were three times more likely to write an original article in comparison with those who were not aware of its significance or thought otherwise (OR 2.95; 95% CI: 1.36-6.43). This factor was not retained in the multivariate analysis.
Since 34.7% of cases and 17.1% of controls were department heads, no further analysis was carried out in order to determine whether a department head (of a case or control) that had already published an original article was a determinant of publishing. But out of the 32 cases who were not department heads, nine (28.1%) had a department head who had published an original article. Out of the 160 controls that were not department heads, 21 (13.1%) had a department head who had published before (P = 0.03).
Multivariate analysis
The analysis revealed an interaction between foreign collaboration and the collaboration of a biostatistician and/or an epidemiologist (P = 0.045). This interaction was included in the model of multivariate analysis with a set of variables (including the faculty as the stratification variable) for which the analysis was continued. Age and leadership position in the department were excluded because they were redundant with seniority (P = 0.96 and P = 0.35, respectively) as well as the rank of full professor because it was redundant with defended dissertation (P = 0.96). Factors eliminated during analysis are displayed in Table 3 . After adjusting for all factors, teachers' ability to publish an original article as first author was 4.3 times higher when teachers had undergone training in biostatistics and/or epidemiology and 3.4 times higher when they declared that the promotion evaluation grid did not encourage publishing. Other factors associated with teachers' research output were defended doctoral dissertation, foreign collaboration, seniority, and proficiency in English. Factors associated with productivity at the end of analysis are displayed in Table 4 .
Discussion
Medline's findings
Algerian scientific medical output was particularly low during the decade under study, as only 300 publications were retrieved from Medline. The decline of Algerian medical research since the beginning of the 1990s was highlighted by Algerian authors, even though the number of indexed publications (Medline) in the previous decade had barely exceeded 400 [9] . From 1993 to 1998 (six years), 221 articles were found by Medline for Algeria [10] . The severe political and security troubles, following the brutal interruption of an electoral process at the beginning of the 1990s, may have hindered the scientific output of teachers. However, there was no discernible prior upward trend in the number of publications. For a period twice as short during the same decade, from 2002 to 2006, 1000 and 600 publications were already retrieved for Tunisia and Morocco, respectively [11] .
Strengths and limitations
Selection bias was countered by using the French database Pascal (one original article out of four was retrieved by Pascal). We were unable to determine the contribution (in years) of each teacher to the decade of the study period, or we would have obtained a better denominator for the incidence rate. However, we made sure to count only medical teachers in the numerator and denominator to quantify the productivity rate, which is why some publications were not considered eligible. The low output (low number of articles) did not allow useful comparisons between specialties or departments.
Original articles were focused on to give full account of Algerian teachers' research output and, most specifically, its determinants. It was due to the fact that other publication media (proceedings, abstracts, letters to the editor) generally provide little information to assess the quality of the study. As far as case reports are concerned, they have limited scientific scope and are not featured as original publications [2] . It is unfortunate that different categories of publications (article Table 2 Factors that did not differ significantly between cases (n = 49) and controls (n = 193) type) cannot be distinguished in bibliometric studies even if the impact factor of journals is the same for all publications, regardless of their category [12] . The lead author of a publication was targeted because this author usually contributes the most, from the conception of the study to the writing of the final report. One should not give equal weight to two original articles written by the same author, once as a lead author and then as a more distal author [13] . Unfortunately, the h-index proposed by Hirsch [14] to quantify the visibility of researchers is usually determined regardless of author order or article type. In Croatia, a medical teacher must be the lead author of an article related to his PhD thesis [15] . It appears that first authorship is better appreciated in a researcher's productivity [16] .
Data from other countries
Bibliometric studies that measure the productivity of medical teachers are quite rare, and the different methodologies do not always ensure balanced comparisons. Nevertheless, they can provide useful information.
In Tunisia, for the 2003-2007 period, the publication rate, using Medline and regardless of author order, was 270 publications (all categories) per 1000 medical teachers per year [17] . The publication rate of original articles was 155/ 1000/year [18] .
In Libya, according to a study that controlled the numerator and denominator of rates, the publication rate for the 2000-2003 period using Medline was 7/1000/year [19] . A Medline search inclusive of the years 1996-2001 revealed that faculty members who joined the Medical School at the American University of Beirut had one original article per faculty member every five years [20] . Algeria therefore was comparable to Libya. No meaningful comparison could be made with Tunisia, which has a national journal indexed in Medline where more of one-third of its articles were published [18] . It is noteworthy that some institutions do not tag researchers as productive unless they publish at least one article every two years [15] , sometimes every year [13] .
Among factors associated with faculty members' productivity, the same value of adjusted odds ratio (% 4) was found for the defense of a dissertation as a predictor of scholarly output among hospital pharmacists in France and Quebec [21] . International collaboration seemed to be strongly related to scientific production in Spain and Iran [22, 23] . The inadequate training of physicians in research methodology and scientific writing was used to explain the low medical research publication output in Lebanon [24] . Proficiency in the English language appeared to be a determining factor of scientific publication in highly ranked general medical journals [25] . Articles written in English were shown to attract a greater number of citations [22] .
The tendency to publish later, as seniority increased, was another determinant of writing, contrasting with studies that showed that medical researchers had better visibility around 31-35 years of age because of their published articles [16] . It has also been found that publications declined among authors over 50 years of age [26] . Publishing habits, including early publications, have been considered a predictor of institutions' output [27] . In Algeria, publication is not a well-established tradition among medical teachers who were not encouraged to publish earlier.
Participation in government-funded research projects did not correlate with production. Research funding seemed to be a predictor of production elsewhere [12, 25, 28] , but granting money without requiring the publication of the findings in return has never encouraged publication. Time dedicated to research, when measured, was often associated with output [21, 29, 30] . The subjective appraisal of the usual hospital and university workload might have weakened the association with research output. However, a correlation between output and a productive Department Head (mentor) was found [15] .
The promotion evaluation grid and implications for practice
Of all the factors identified in this study, the promotion evaluation grid seemed to be the most important factor behind output deficit. It is a one-of-a-kind grid (Democratic and Popular Republic of Algeria: Interministerial order of 19 November 2009 laying down the procedures for access to the rank of professor of medicine) that gives no importance to scientific publication. This grid gives disproportionate weight to oral presentations and posters and heavily penalizes written publications. Accordingly, to be promoted to the rank of full professor, a medical teacher is required to give locally an oral presentation of a case report as first author to achieve one point. If a medical teacher, however, succeeds in publishing an original article as first author in the world's most prestigious journal, he will be awarded only one point. Even worse, a teacher involved in a research project that would yield results for the administration (activity report) may be awarded more than 10 points. We can hardly be surprised by the lack of scientific output.
The huge number of scientific meetings that are held regularly throughout the country casts doubt on their scientific quality in view of the low production recorded through bibliographic databases. It is nevertheless encouraging that the overwhelming majority of surveyed teachers asserted that a teacher should publish in indexed journals, and that research should be reported in an indexed journal. However, institutional characteristics may be as crucial as the individual characteristics [31] .
In order to take a step forward, every teacher should be asked to publish original articles as first author to be promoted to the rank being sought. Doctoral dissertations in medical sciences should be accepted only if they are converted to original articles with the teacher who defended the dissertation as lead author. Proficiency in the English language and the availability of translators within universities would make it possible to achieve greater visibility. The journal Algérie Médicale, formerly indexed in Medline, should be reinstated. This will enable Algerian medical teachers to publish their research in this journal in both English and French. However, the worth of an article in the promotion grid should be linked to the type of journal (general medical journal, specialty journal) and its impact factor. It would also be appropriate to introduce the hindex to encourage emulation among teachers and choose the best according to a new evaluation grid. The introduction of critical reading of medical scientific publications in syllabuses would have a salutary effect on reading and writing among coming generations. It is time for Algerian medical faculty and scientific research managers, who oddly enough travel around the globe and keep permanent contact with their foreign colleagues, to face reality and keep up with world universities that have the primary function of producing written answers to today's issues.
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